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Abstract 
Large scale aspheric lens are very important in both national defense and civil industries. For the fabrication of such lens, a large scale aspheric 
machine tool is developed. In this paper, we focus on the analysis of the temperature distribution and the deformation of the guideways of this 
machine tool. Thermal and strain deformation of three guideways are analyzed when the thickness of the oil film is different, and the 
relationship between the thickness of the oil film and the deformation is built up. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of 13th CIRP conference on Computer Aided Tolerancing. 
Keywords: Machine tool, guideways, deformation, thermal analysis.
1. Introduction 
A precision machine tool developed by Xi’an Jiaotong 
University has three linear axes, named X, Y and Z. The 
guideways of three axes are placed oil pockets. However, 
when the temperature of hydrostatic oil in the guideways is 
changed, deformation is produced.The thickness of the 
hydrostatic oil film affects the flow in each pocket, the 
temperature of pockets and the guideways[1,3]. 
2. Modeling and simulation 
2.1. The distribution of each pocket in Y-axis andz-axis 
together with their press calculation  
There are twelve pockets in Y-axis system, named y1 -y12 
as shown in Fig.1(a) We can classify them into two types, y1 
to y4 as the lifting pockets and y5 to y12 as the side pockets. 
The size of each pocket differs from others, but their shapes 
are all rectangle [2,4,5].  
Similarly, there are twelve pockets in Z-axis system named 
z1 to z12 as shown in Fig.1(b). We also classify them into two 
types, z1 to z8 as the lifting pockets and z9 to z12 as the side 
pockets. Their size and shape are similar to the pockets of Y-
axis. 
 
(a) 
 
(b) 
Fig.1 the distribution of pockets in Y-axis and Z-axis 
Loads on Y-axis consist of the own gravity and the 
counterweight. It is assumed that the size and presses of y1 to 
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y4 pockets are the same and others are also the same. 
Considering that the external load on Z-axis comprises only 
the cutting force, we assume that presses of z1 to z8 are all the 
same and z9 to z12 are equal to them correspondingly[7,9]. We 
name the presses of each pockets ranging from y1 to y12(z1 
to z12) as F1 to F12.The presses of Y-axis pockets are shown 
in Fig.2(a), the presses of Z-axis in Fig.2(b), and the results 
are listed in tables 1 and 2. 
In Fig.2(a) and Fig.2(b), A~N represent these presses 
referred above(F1~F12).  
 
 
(a) 
 
(b) 
Fig.1 the distribution of loads and supports in Y-axis and Z-axis  
Table1 the supports of Y-axis 
supports F1=F2 F3=F4 F5=F6 F7=F8 F9=F10= 
F11=F12 
N 3104 6896 310 689 100 
Table2 the supports of Z-axis 
supports F1=F3  F2=F4= 
F6=F8 
F5=F7  F9=F11   F10=F12 
N 250 150 250 500.  300 
All linear axis use oil VG46 with pump pressure 32 bar at 
oil temperature able to work at 18ć to 25ć. For highest 
precision the room temperature should be 20ć+/-1ć same as 
oil enter temperature to machine tool. 
2.2. Calculation of the heat 
All the pockets of the guideways are rectangles[8]. L is the 
length and B is the width, whereas l and b represent the length 
and width of the smaller rectangle in it. The burden size of 
each pocket is named as A.  
As the hydrostatic guideways are in the work process, 
power consumption consists of two parts: the first part is the 
power consumption in the oil transportation process (PP)[10]; 
the other part is the consumption of the oil cutting (Pf)[12]. 
Both of them make up the total power consumption of 
hydrostatic guideways. However the flow of each pocket is 
depended on the Ps , B, b, L and l[13,15,16]. 
Area separated by the oil A=BL 
Heat power of the film cutting Pf=ην2(A/h) 
Power of the oil pumping PP=QPs/ηp 
Total heat Pt =Pf+ Pp 
Flow of the pockets Q=Psh3[b/(B-b)+l/(L-l)]/6η 
Heat flow of the area q= Pt/A 
Ps —— the pressure in the entry of the pocket 
h —— the thickness of the oil film˄ranging from 20 um to 
40um˅ 
ηp —— the efficiency of pumping 
η —— the dynamic viscosity of the oil 
ν —— the kinematic viscosity of the oil 
2.3.  The temperature field and strain field of the machine tool 
with a oil film thickness of 30um 
Each pocket size and oil pressure in the guides of X-, axis, 
Y- axis and Z-axis are known, so we can obtain all their flow 
and heat power in the table3, that is the situation of the 
thickness of oil film being 30um[6,11]. 
Table3 the flow and heat power of pockets for 30um oil film 
pockets Pf 
(W) 
Q 
(10-6m3/s) 
PP 
(W) 
 Pt 
(W) 
A (m2) q(W/m2) 
x1-x8 0.14 0.576 1.90 2.04 0.026 78.46 
x9-x16 0.09 0.597 1.97 2.06 0.0162 127.16 
x17-
x20 
0.07 0.710 2.34 2.41 0.0128 188.28 
y1-y4 0.12 0.641 2.12 2.24 0.02 112 
y5-y12 0.07 0.690 2.28 2.35 0.012 195.83 
z1-z8 0.05 0.639 2.11 2.16 0.0084 257.14 
z9-z12 0.07 0.736 2.43 2.50 0.0112 223.21 
Firstly we should mesh the whole machine tool to process 
the thermal analysis without considering small structures in 
view of their tiny effect on the analysis. The mesh is shown in 
Fig.3 and the mesh quality is shown in Fig.4.As we can see, 
average of the metric is 0.69(bigger than 0.5) and standard 
deviation is merely 0.21, so we can conclude that the mesh is 
quite acceptable. After that we can apply all the heat loads 
referred above on the machine tool as is shown in Fig.5.And 
then we can get the thermal solution in the situation of oil film 
thickness being 30um. 
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
Fig.3 the mesh of the whole machine tool 


Fig.4 the quality of the mesh  

Fig.5 all the heat loads on the machine tool 
The oil film thickness of the boundaries are 30um, and we 
get the highest temperature in the machine tool is 24.3ć in 
Fig.6(a). Additionally the biggest total deformation and the 
directional deformation are 52.0um and 51.4um respectively 
as shown in Figs.6(b)and (c). 
 
 
(a) 
 
(b) 
 
(c) 
Fig.6 the temperature and strain field of machine tool for 30um oil film. 
2.4. The temperature field and strain field of the machine tool 
with oil film thickness ranging from 20um to 40 um. 
The flow and heat power need to be calculated again when 
the oil film thickness is changed. According to references, we 
set the thickness changing limit 20um to 40um[17]. 
Considering the limited space, we only present the analysis 
results of 26um to 34um, and the mesh processes are also 
omitted.  
1) The oil film thickness is 26um. After related calculation, 
the parameters are shown as below in table4. 
Table4 the flow and heat power of pockets for 26um oil film 
pockets Pf 
(W) 
Q 
(10-6m3/s) 
PP 
(W) 
 Pt 
(W) 
A (m2) q(W/m2) 
x1-x8 0.16 0.885 2.92 3.08 0.026 118.46 
x9-x16 0.10 0.917 3.03 3.13 0.0162 193.21 
x17-x20 0.08 1.090 3.59 3.67 0.0128 286.72 
y1-y4 0.14 0.985 3.26 3.40 0.02 170 
y5-y12 0.08 1.060 3.50 3.58 0.012 298.33 
z1-z8 0.06 0.982 3.24 3.30 0.0084 392.85 
z9-z12 0.08 1.130 3.73 3.81 0.0112 340.18 
The highest temperature in the machine tool is 25.6ćin 
Fig.7(a). And the total maximum deformation and the 
184   Shuming Yang et al. /  Procedia CIRP  27 ( 2015 )  181 – 186 
 
directional deformation are 51.8um and 50.8um respectively 
as shown in Figs.7(b) and (c). 
 
(a) 
 
(b) 
 
(c) 
Fig.7 the temperature and strain field of machine tool for  26um oil film 
2) The oil film thickness is 28um. The corresponding 
parameters are shown in table5. 
Table5 the flow and heat power of pockets for 28um oil film 
pockets Pf 
(W) 
Q 
(10-6m3/s) 
PP 
(W) 
 Pt 
(W) 
A (m2) q(W/m2) 
x1-x8 0.15 0.708 2.34 2.49 0.026 95.77 
x9-x16 0.10 0.734 2.42 2.52 0.0162 155.56 
x17-x20 0.08 0.873 2.88 2.96 0.0128 231.25 
y1-y4 0.14 0.788 2.61 2.75 0.02 137.5 
y5-y12 0.08 0.849 2.80 2.88 0.012 240 
z1-z8 0.06 0.786 2.60 2.66 0.0084 316.67 
z9-z12 0.08 0.905 2.99 3.07 0.0112 274.11 
The highest temperature in the machine tool is 24.9ć in 
Fig.8(a). And the total maximum deformation and the 
directional deformation are 51.9um and 51.0um respectively 
as shown in Figs.8b) and (c). 
 
(a) 
 
(b) 
 
(c) 
Fig.8 the temperature and strain field of machine tool for 28um oil film 
3) The oil film thickness is 32um. The corresponding 
parameters are shown in table 6. 
Table6 the flow and heat power of the pockets for 32um oil film 
pockets Pf 
(W) 
Q 
(10-6m3/s) 
PP 
(W) 
 Pt 
(W) 
A (m2) q(W/m2) 
x1-x8 0.13 0.474 1.57 1.70 0.026 65.38 
x9-x16 0.08 0.492 1.62 1.70 0.0162 104.94 
x17-x20 0.07 0.585 1.93 2.00 0.0128 156.25 
y1-y4 0.11 0.528 1.75 1.86 0.02 93 
y5-y12 0.07 0.569 1.88 1.95 0.012 162.5 
z1-z8 0.06 0.527 1.74 1.80 0.0084 214.29 
z9-z12 0.07 0.606 2.00 2.07 0.0112 184.82 
The highest temperature in the machine tool is 23.9ć in 
Fig.9(a). The total maximum deformation and the directional 
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deformation are 53.0um and 52.3um as shown in Figs.9(b) 
and (c). 
 
(a) 
 
(b) 
 
(c) 
Fig.9 the temperature and strain field of machine tool for 32um oil film 
Table7 the flow and heat power of pockets for 34um oil film 
pockets Pf 
(W) 
Q 
(10-6m3/s) 
PP 
(W) 
 Pt 
(W) 
A (m2) q(W/m2) 
x1-x8 0.12 0.395 1.31 1.43 0.026 54.62 
x9-x16 0.08 0.410 1.35 1.43 0.0162 88.27 
x17-x20 0.06 0.488 1.61 1.67 0.0128 130.47 
y1-y4 0.11 0.440 1.46 1.57 0.02 78.5 
y5-y12 0.06 0.474 1.57 1.63 0.012 135.83 
z1-z8 0.04 0.439 1.45 1.49 0.0084 177.38 
z9-z12 0.06 0.506 1.67 1.73 0.0112 154.46 
4) The oil film thickness is 34um. The corresponding 
parameters are shown as below in table7. 
The highest temperature in the machine tool is 25.6ćin 
Fig.10(a). And the total maximum deformation and the 
directional deformation are 53.8um and 53.6um as shown in 
Figs.10(b) and (c). 
 
(a) 
 
(b) 
 
(c) 
Fig.10 the temperature and strain field of the machine tool for 34um oil film 
With all the thermal analysis results of 20um to 
40um(though some of them aren’t presented above), we can 
get a relation curve. The effect curve of the temperature and 
strain field of the machine tool when oil film changes from 
20um to 40um is shown in Fig. 11. 
Fig.11(a) shows that the temperature has a negative 
correlation to oil film, and the curve becomes steady when the 
thickness of oil film is bigger. In fact, when the oil film is 
thicker, the PP is higher and the Pf is lower[14,18].Fig.11(b) and 
(c) show that the relation between the deformation and the oil 
film thickness. When the oil film becomes thicker, the 
stiffness of the oil film reduces, and the deformation of the oil 
becomes bigger. 
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                                   (a)                         (b)                         (c) 
Fig.11 the influence of oil film to temperature and strain field 
3. Discussion 
In the curve of Fig.11, we can see that deformation as well 
as the temperature rise in the situation of 30um are both 
advisable. If we choose a smaller thickness, although the 
deformation may become smaller, the temperature isn’t 
desirable. Conversely, though the temperature is acceptable, 
we can’t get a desirable deformation. So we can conclude that 
setting the thickness of oil film as 30um is agreeable. 
Even though we have minimumed the deformation to a 
large extent, the deformation of 51.4um can lead to the error 
in machining the workpiece, especially in the accurate field, 
so it urgent to offset the thermal error in other way. 
4. Conclusion  
Using mathematical modeling method for the power 
sources analysis, finite element method for the analysis of 
deformation, thermal analysis were carried out in this paper. 
Based on the calculation and simulation analysis, we have set 
up two relations, the negative correlation of temperature to oil 
film, and the positive correlation of deformation to oil film. 
Moreover we have got a desirable oil film thickness in 
designing the machine tool guideways. The results will make 
helps in further thermal compensation, and the determination 
of the oil film thickness. 
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